The present study was conducted to determine the prognostic significance of I655V SNP (rs1136201) is a genetic one in HER-2 oncoprotein in cases of colorectal cancer (CRC). We conducted a case-control study analysing 83 subjects (naïve primary CRC cases) who underwent CRC biopsy/colectomy and included 57 healthy control subjects. Analysis of HER-2 polymorphism was done by PCR-RFLP technique. The mean age was found to be 55.9 years; median age was 56 years and mode age was 54 years with a range of 43 (30-73). Males constitute 63 (75.9%) and females constitute 20 (24.1%) of patient population. According to gradewise distribution, 12 (14.45%) patients were of Grade I, 53 (63.85%) of Grade II, and 18 (21.68%) were of Grade III. We found out that out of 83 patients, 52 (62.65%) were of homozygous wild type (A/A; Ile/ Ile); 27 (32.53%) were of heterozygous type (A/G; Ile/Val) and 4 (4.81%) were of homozygous mutant type (G/G; Val/Val). Allelic frequency of Ile (A) was found out to be 0.79 and that of Val (G) is 0.21 and were not significantly different from the healthy control population. Fischer's exact p value obtained was 0.86.
Introduction
Human Epidermal Growth Factor Receptor 2 also known as HER-2/neu/ERBB2/CD340 or p185 is a 185 kDa transmembrane glycoprotein encoded by ERBB2, a known 1 3
11 Page 2 of 6 proto-oncogene (Jørgensen 2014) , located on chromosome 17q21 and is one of the four members of epidermal growth factor receptor and belongs to the family of membrane tyrosine kinases. Tyrosine kinase activity enables them to play a pivotal role in pathways involving signalling and transduction; dimerization of the HER receptors results into stimulation of HER-2 cell signalling cascades; thus, HER-2 remains to be the ideal heterodimerization ally for all other members of HER family (Wang et al. 2015) . HER-2 plays significant roles in growth, survival, and differentiation of the living cell in a multifaceted manner (Wagner et al. 2013) . Any mutation or overexpression of HER-2 can result into tumorigenesis (Ng et al. 2015) . Interestingly, in rodents, a mutation in HER-2 gene is required for tumorigenesis, while in the human, tumorigenic potential of HER-2 is due to the overexpression of the wild-type HER-2 gene (Tai et al. 2010) .
Several drugs and therapeutics have been developed and introduced to target the pathway, and the detection of HER-2 has become a routine pathological procedure in breast cancer, i.e., an established biomarker in breast malignancy (Tan et al. 2011; Iqbal and Iqbal 2014) . Moreover, HER-2 is also the prime target of mAb therapies (Dean 2015) or tyrosine kinase inhibitor-based novel therapies against cancer (Singla et al. 2018 ). However, HER-2 has not yet been accepted as a prognostic marker in case of CRC.
Colorectal cancer is ranked third most common malignancy and fourth according to mortality equally affecting both the genders globally; and it remains a major cause of cancer related deaths in spite of developments in treatment modalities (Ferlay et al. 2014) . CRC is leading underlying causal agent of death globally with an incidence of 9% among various cancer types (Arnold et al. 2016 ). U.S.A, Australia, Canada, New Zealand, and some parts of Europe have higher incidence rates of CRC, while Asian, African, and South American population faces the lowest risk. CRC incidence rate in India is among lowest globally (Patil et al. 2017) . At the same time, the present situation is alarming, as various population-based studies are depicting a steep increase in CRC incidence (Meyer and Are 2017) . It is a matter of huge concern that the incidence rates are much higher in Indian immigrants to the UK and USA, signifying the role of living manners and food habits in causing CRC (Paszat et al. 2017) . It infers that with the fiscal shift of India from developing to the developed economy, there will be much higher CRC cases.
Colorectal cancer survival is strongly correlated with the stage of disease at the time of primary screening and 5-year survival rate varies accordingly from 90% for localized tumors to 70% for regional and up to 10% for distant metastatic cancer (Kolligs 2016) . In general, survival chances are maximum at the primitive stage at the initial diagnosis. The chances of CRC diagnosis rises after 40 years of age, gradually increasing from age 40, rising steeply after 50 years of age (Jung 2017) . Prior history of adenomatous polyps is also a major risk factor in the development of CRC (Simon 2016) . The progression of malignancy from adenomatous polyps generally needs a long intermittent dormancy period of 5-10 years (Bonnington and Rutter 2016) .
At present, accurate prediction of disease outcome is poor and limited as the prognosis and preferred treatment depends only upon the stage of the disease at screening. For the realization of individualised therapy, identification of more and novel disease markers is a must. In several previous studies, researchers tried to unmask association between molecular mechanisms and the causation of CRC. It is generally acknowledged notion worldwide that CRC results from various environmental and hereditary factors, inducing genetic changes in crucial genes involved in cell signalling and growth such as HER-2; alterations in which, such as gene amplification and point mutations, were found to be exist in CRC patients (Marx et al. 2010; Conradi et al. 2013; Sclafani et al. 2013) .
I655V SNP (rs1136201) of the HER-2 gene was identified by (Papewalis et al. 1991) , which encodes isoleucine (ATC) or valine (GTC) as per the case. Controversies exist in the data of the previous studies regarding prognostic significance of I655V SNP in the progression of CRC, reported from different parts of the world. Though, studying the role of HER-2 in causing CRC in Indian patient population is still an untouched area. Many epidemiological studies examined the association between breast cancer risk and I655V SNP. However, several inconsistencies existed in the results and its role in CRC has been proposed, but no significant study followed. Examining the impact of this frequent HER-2 polymorphism in CRC in Indian patient population is still untouched and can be significant as racial or ethnic differences affect allelic frequency and polymorphism.
Unfortunately, there is not even a single study done in India so far establishing the prognostic role of HER-2 in CRC, nor did any study performed globally included Indian patient population in their samples.
Materials and methodology

Ethical approval and sample collection
The study was done at the Medical Biotechnology Laboratory, Department of Biotechnology, Jamia Millia Islamia, New Delhi after ethical approval of Institutional Ethics Committee (vide Proposal No. 17/9/10/JMI/IEC/2015 dated 14.01.2016) and from collaborating institute (vide D. No. 2183 /FM dated 09.02.2016 ). We conducted a patient based study analysing 83 (Eighty-three) unrelated subjects with histologically verified CRC (naïve primary cases) admitted at Jawaharlal Nehru Medical College, Aligarh Muslim University, Aligarh who underwent CRC biopsy/colectomy. All participants are Indian and lived in and around the Aligarh district in Uttar Pradesh province of India. All patients were recruited in the study at diagnosis, and the mean age was found to be 55.9 years, median age was 56 years, and mode age was 54 years with a range of 43 (30-73) (Table 1) . Males constitute 63 (75.9%) and females constitute 20 (24.1%) of patient population. Clinical parameters were obtained at the diagnosis and 12 (14.45%) patients were of Grade I, 53 (63.85%) of Grade II, and 18 (21.68%) were of Grade III (Table 1 ). All samples were collected only after obtaining informed consent of the study participants. A tissue biopsy/colectomy sample was collected from a single patient and was stored in 1X PBS, Phosphate Buffer Saline (MP Biomedicals), pH 7.4 at − 20 °C (Celfrost) and was used for isolation of genomic DNA. We also included 57 healthy control subjects into the study. Venous blood samples were collected from healthy control subjects and used for isolation of DNA.
DNA Isolation
Genomic DNA was isolated using DNA Isolation Kit (DNeasy, Qiagen) as per manufacturer's protocol. DNA isolated was checked for quality and integrity using UV-Vis. Spectrophotometry (Nanodrop 2000, Thermo Fischer) and 0.8% Agarose (Amresco, VWR) Gel Electrophoresis (Peqlab, VWR). DNA yield came out to be 45-50 ng. A 260 /A 280 ratio came around 1.8 and intact band without smearing was visible after electrophoresis both of which indicate that the isolated DNA was of pure quality, free from contamination and intact.
Analysis of HER-2 polymorphism
HER-2 polymorphism (I655V, i.e., A>G) was detected with the use of primers (IDT) as per primer sequences mentioned in (Pinto et al. 2004 ) (Forward 5′-AGA GCG CCA GCC CTC TGA CGT CCA T-3′ and Reverse 5′-TCC GTT TCC TGC AGC AGT CTC CGC A-3′) in 20 µl reaction mixture volume using GoTaq ® Green Master Mix (Promega) by the following PCR conditions; 94 °C for 5 m, 35 cycles of (94 °C-30 s; 62 °C-45 s; 72 °C-30 s) and 72 °C for 7 m in peqSTAR 96 universal gradient thermocycler (Peqlab, VWR). PCR products were checked by 2% Agarose Gel Electrophoresis; Gel images were obtained by Gel Documentation system (Biorad).
HER-2 polymorphism (I655V, i.e., A>G) was detected by digesting 6 µl PCR product (Amplified HER-2) with 2.5 units of restriction enzyme in 10 µl reaction mixture volume; BsmAI (NEB) overnight at 37 °C. This restriction enzyme recognizes the sequence GTC; digesting the product to form two fragments of 116 and 32 bp. The wildtype allele (A/A) produced one band of 148 bp; wild-type/ variant allele, i.e., heterozygous (A/G), produced three bands of 148, 116, and 32 bp, and the variant allele (G/G) produced two bands of 116 and 32 bp (Fig. 1) . The 32 bp band cannot be obtained on Agarose Gel Electrophoresis. Digested PCR products were checked by 3% Agarose Gel Electrophoresis. 
Statistical analysis
Fischer exact test was used to compare the observed number of each genotype with the healthy control population and to compare categorical variables, while Mann-Whitney U test was used for examining patient age. Significance levels were set at p < 0.05.
Results
The frequency of I655V SNP of the HER-2 gene was studied in 83 CRC cases and 57 healthy control subjects by performing standardised PCR-RFLP technique. The genotype and allele frequencies were not significantly different from the healthy control population, as shown in Table 2 . Allelic frequency of Ile (A) was found out to be 0.79 and that of Val (G) is 0.21 for cases, while 0.78 and 0.22 for the healthy controls, respectively, as shown in Table 2 . Fischer's exact p value obtained was 0.86 (Table 2 ). Odds ratio obtained was 0.94 (95% CI 0.47-1.89), as shown in Table 2 .
Discussion
We studied I655V SNP of the HER-2 gene in our CRC cases to investigate its prognostic significance in the progression of CRC in India. We found that the observed allele frequency for the Val (G) allele in our patient population is 0.21 which is close to the average Val (G) allele frequency of 0.239 among 59 populations globally according to ALFRED (Allele Frequency Database) database maintained by Yale University, USA accessible from https ://alfre d.med.yale. edu/ (Rajeevan et al. 2012 ) as well as genotype frequencies were found to be nearly identical with that of healthy control population. This shows that the occurrence of I655V SNP is not involved in causation/progression of CRC in Indian patient population, but at the same time, it did not imply any deficit in prognostic worth in another malignancies or normal tissues, particularly in invasive ductal carcinoma (IDC) of breast malignancy. We came across with only a single study involving Scottish Caucasians with Val (G) allele frequency of 0.20 which concluded that this SNP is not related to CRC, i.e., in accordance with our study and supports it (McKay et al. 2002) . We did not come across any study in CRC which concluded significant association of this SNP in any population.
Our study was a retrospective study performed on 83 primary colorectal cancer cases. Analysis of I655V SNP polymorphism in HER-2/neu showed no significant association between particular type of genotype and colorectal cancer. Genotypes did not show any statistically significant difference between case and healthy control group, thus predicting poor prognostic implication in pathophysiology of colorectal carcinoma. Various genotypes of HER-2 were correlated with their incidence in different grades of tumor, but no statistically significant difference was observed. Therefore, for elucidating exact risk of colorectal malignancy in India, we must identify the putative genes involved in onset and progression of colorectal cancer as well as their genotypes. However, a large cohort study is the need of the hour for molecular analysis. Based on these results, we propose that every population should assess its own genomic make-up for risk analysis of cancer which will guide us towards understanding the topographical and ethical alterations reported for incidence and mortality of colorectal malignancy. Various studies in the past which considered this I655V SNP showed variances in allele frequencies among different racial and ethnic groups (Riaz et al. 2016) , which is expected to impact the diagnostic value of this SNP worldwide. There were not any earlier reports on the impact of the I655V SNP on the medical consequences of CRC patients in India. In the present study, no association was found among occurrence of the I655V SNP with the malignancy, demonstrating that assessment of this SNP would be of petite use in CRC. In inference, even though HER-2 appears to be of utmost importance in the causation as well as progression of several other malignancies, evaluation of the I655V SNP would not bring any fruitful outcomes to patients of CRC. Most of the studies done so far in establishing the prognostic and clinical role of HER-2 were focused on Breast Cancer; HER-2 is considered as an established biomarker in breast cancer patients. Very few studies were done so far for CRC, which concluded controversial prognostic role of HER-2 in CRC. Neither of these studies was done in India nor do they include Indian patient population into their studies.
We evaluated prognostic potential of HER-2 in CRC in Indian patient population as the rate of people getting CRC varies by race and ethnicity. Many replicating/linked/derived research studies are done in the past but of no clinical benefit in prevention of CRC at the primary level. If we could be able to identify the factors accountable for the low incidence of CRC in India, it could help in better management of disease at the primary level. In a developing nation as India in which westernization is covering the face of Indian culture and economy is improving year by year, CRC incidences will be going to increase. Clearly, CRC is becoming an important public health problem, not only restricting to western lifestyle countries, but also penetrating its roots in other developing countries. The ageing population globally will surely face the challenges of CRC if effective preventive measures are not taken.
